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I. INTRODUCTION
Corrosion is a phenomenon which has been the subject of ex­
tensive research, in order to find a way to control or completely 
stop it. Two general methods, either placing the material which 
corrodes in an anti-corrosive atmosphere or protecting the mate­
rial which corrodes from the corrosive atmosphere, are the chief 
means of preventing corrosion today.
The second method is probably most widely used presently.
One of the most important methods of protection is by means of 
organic protective coatings, or paints, but at best these only re­
tard corrosion, due to the fact that corrosive media e.g. water 
vapor, ions etc. permeate through the paint film, causing corrosion 
which eventually destroys it.
If a method could be found whereby the permeation of the 
corrosive media could be blocked, then these protective coatings 
should last for a considerably longer time.
In this thesis it is intended to show what effect, if any, 
different degrees of crystallinity in poly (ethylene terephthal- 
ate) have upon the blocking of certain ions and water which are 
known to cause and increase corrosion.
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II. LIIERATURE REVIEW
The purpose of the literature review is to acquaint the 
reader briefly with the general types of polymers and to show how 
the crystallinity of a polymer is related in some way to the struc­
tural configuration.
Types of Polymers
The three basic types of polymers, i.e. linear, branched 
and crosslinked, will be discussed in this section.
Linear Polymers. Linear polymers are formed from difunctional 
monomers. These monomers react to form long linear chains or threads 
without any side chain branches. Some of the typical well known 
linear polymers are polyvinyl chloride and polystyrene.
Branched Polymers. Branched polymers are similar to linear 
polymers in that they are long chain materials. However, there 
are also ’‘branch chains” which grow off the main chain. This im­
parts different characteristics to the polymer from the linear 
polymer. A typical example of a branched polymer is a butadiene 
rubber polymer which is linked together by 1,2 addition instead of 
the usual 1,4 addition, which permits a side chain to grow from the 
’’backbone” chain.
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Crosslinked Polymers. Crosslinked polymers are usually form­
ed from polyfunctional molecules and form a space network molecule. 
These polymers, unless controlled, are usually very hard and insol­
uble and hence useless as such to the organic coating industry.
Some examples in this category are phenol formaldehyde plastics 
which are very hard and insoluble and phthalic anhydride-glycerol 
resins.
Stereospecific Polymers
Stereospecific polymers arise from the differences in addi­
tion of monomers to each other such as head to head or head to tail. 
This has a pronounced effect upon the ability of the polymer to 
crystallize and hence change its properties.
Isotactic Polymers. An isotactic polymer is a linear poly­
mer in which the side groups are all on the same side of the poly­
mer chain, as in the following illustration:
R R R R R R R
I I I I I I I-CM-CH-CH-CH-CH-CH-C!H-
In some polymers this structural feature is inherent if the groups 
on both sides of the chain are the same, as in polyethylene where 
the side group on either side of the chain is hydrogen.
The isotactic configuration has a large influence on the 
polymer characteristics and hence its crystallinity. A polymer
-4-
of this type in general tends to be highly crystalline and ori­
ented and hence stronger than other polymers, all other factors 
being equal.
Syndiotactic Polymers. A syndiotactic polymer is a stereo­
specific polymer in which the side groups are located alternately 
on either side of the polymer chain as in the following illus­
tration:
R R R R
t i l l
■ CH - CH - CH - CH - CH - CH - CH - CH- 
I I I IR R R R
This configuration like the isotactic polymers permits close 
and orderly packing of the polymer chains and therefore exerts a 
marked influence on the physical properties.
Atactic Polymers. An atactic polymer is a polymer whose 
side groups are located at random along the polymer chain as in 
the following illustration:
R R R
-CH_- CH-CH - C H - C H „ - C H -  
R R
A polymer of this type usually cannot assvime an orderly 
arrangement because of the randomly located side groups. Many 
of the present day polymers are of this type, one of the most 
widely known being polystyrene.
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Crystallization of High Polymers
The term crystallization as it is applied to high polymers 
21is a relative one . It is used because some polymers, when 
subjected to X-rays, show a diffraction pattern similar to that 
of a crystal. A polymer ’’crystal”, however, is different from 
an ordinary crystal in that it has primary valence bonds in the 
polymer chain. The chains are held together by secondary va­
lence forces, while in true crystals the forces between atoms 
are all primary.
X-ray diffraction patterns also show that the regions of 
orderly arrangement are small compared to the chain length of the 
polymer molecule. ’’Consequently it may be concluded that not 
molecules but individual members of the chain are the crystal­
lizing units”
Micellar Theory. The micellar theoiy postulates that crys­
tallinity in polymers is obtained by the orderly lining up of 
segments of polymer chains into regions called crystallites or 
micelles. At the boundaries of these crystallites are areas 
of completely disordered material and therefore ’’amorphous”. 
”However it is doubtful that these regions are the same as 
wholly amorphous material”
Second Order Transition Point. At high temperatures the 
molecules of a polymer can move as a whole due to the macro­
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brownian flow which means that any deformation of the material 
is permanent. At a lower temperature the molecules cannot mi­
grate as a whole but small segments of the molecules can move. 
This is the micro-brownian flow of the polymer. The polymer will 
deform under an external force but when the force is removed the 
polymer will assume its original shape. At still lower temper­
atures the movements of the polymer molecules are decreased to 
such an extent that the positions become fixed by van der Waals 
forces and steric hindrances. The point at which this occurs is 
called the second order transition point. It is shown physi­
cally as a discontinuity in the first derivative of a primary 
thermodynamic property, when this property such as volume is 
plotted versus temperature.
The second order transition point of poly (ethylene tere- 
phthalate) used in this thesis is 67°C for the amorphous poly­
mer and 82°C for the crystalline polymer. To crystallize an 
amorphous polymer the temperature is raised to the desired range 
above the transition point and the polymer will crystallize by 
rearrangement of the polymer chains.
Mechanism of Crystallization
It is common knowledge that melting of a highly oriented 
crystalline material results in a shrinkage in the longitudinal
-7-
direction. The reverse takes place when a polymer crystallizes, 
although to a lesser extent; if a cube of amorphous polymer is 
slowly crystallized it has been observed that the shape will 
change to that of a rectangular prism. This is caused by the 
long polymer chains aligning themselves next to each other.
This causes a lengthening in one direction but the decrease in 
polymer material in other regions causes these regions to shrink.
This is a simple explanation of the mechanism of crystallization 
of high polymers.
Spherulites. A spherulite is an arrangment of several 
small crystallites about a common nucleus. It is postulated 
that it is formed by the following process. As a crystallite 
begins to form, as stated under Mechanism or Crystallization, a shor­
tage of material exists along the sides of the crystallite. At 
the same time an excess of material exists at the free ends of the 
polymer crystallite. This material will flow into the areas in 
which a shortage exists. This very flow will cause a ”preorien- 
tation” of the ends of the polymer chains. However, these ends 
of the polymer chains which are now oriented, are perpendicular 
to the original crystallite. These are the structures which have 
been observed in certain polymers when magnified 740 times or more.
Under certain conditions these normal spherulites do not 
show but abnormal ones are observed. These are classed as special
-8-
spherulites and different mechanisms for their growth have been
21reported by Schuur.
Dependence of Crystallization Upon 
Polymer Structure
Packing Theory. The packing theory includes the process of 
crystallite formation and explains it. It is closely related to 
the stereospecific properties and structural features of polymer 
molecules.
A crystallite is formed by polymer chains aligning them­
selves along each other. The secondary valence or van der Waals
forces which bind the chains together grow stronger as the dis-
19tance between the chains decreases. In general any structural 
feature which decreases the distance between the chains will pro­
duce a more crystalline polymer and any idiich increases the dis­
tance will hinder crystallite formation.
Stereospecific polymers of the isotactic and syndiotactic 
type are in general highly crystallized because the regularity of 
the side groups permits close packing. This is especially true 
for the isotactic type. The atactic types are almost always 
amorphous because the random side groups prohibit close chain 
packing.
Structural features like crosslinking and chain branching 
also influence the crystallinity in polymers. Crosslinked polymers,
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which owe their great strength and hardness to the short chains 
Ttfhich connect the long polymer chains by means of primary va­
lence bonds, are probably impossible to crystallize. The short 
crosslinks which are looked upon as holding the chains together, 
are actually holding the chains apart, as far as crystallization 
is concerned.
Branched polymers act in much the same way. The branches 
prevent the principal polymer chains from packing closely together. 
However, crystallization has been obseived in this type of poly­
mer and is believed to take place with the branches themselves,
7instead of the primary polymer chains.
Chain Segment Length. The length of the monomer segment 
which makes up the polymer chain also influences the crystalline 
characteristics of polymers. An addition polymer like poly­
ethylene crystallizes easily, because every segment of the poly­
mer chain is the same, and the stereospecific properties are 
favorable for easy crystallization. However, a co-polymer like 
poly (ethylene terephthalate) may not be as highly crystallized 
because the long repeating units in it are some tines prevented 
from aligning with each other by other factors.
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Methods of Determining Degree of Crystallinity
X-Ray Diffraction. This method depends upon the scatter­
ing of X-rays according to Braggs Law of Diffraction by the poly­
mer chains. It is probably the most direct method of measuring 
the crystallinity because ordered material will give sharp dif­
fraction maxima while amorphous material will give a diffuse 
pattern. However, these patterns are difficult to interpret and
only a highly skilled technician can make valuable interpreta- 
17tions.
Infra-Red Absorption Method. This method makes use of cer­
tain differences which are found between the spectra of ordered 
and disordered material in polymers. The spectra are standard­
ized by use of bands that occur in amorphous material only.
While this is not in principle a direct measure of order or dis­
order in polymers, it appears in practice to give a reliable
3measure of the amorphous-crystalline ratio.
Density Method. When an amorphous material is crystal­
lized the volume decreases as explained under Mechanism of Crys­
tallization. This change in volimie and hence density of polymers 
can be used as a criterion of the degree of crystallization.
The method requires the knowledge of the density of both cont- 
pletely amorphous and 100 per cent crystalline material. The 
density of amorphous material is usually easily obtained but the
-11-
density of 100 per cent crystalline material must be estimated 
from the knowledge of the unit cell dimensions and weight. There­
fore this method requires a previous standardization by other 
methods, such as X-ray Diffraction, before it can be used with 
reliable results. Once this standardization is made, however, the 
density method is a quick and accurate way of determining the de­
gree of crystallinity.
Permeability of Crystalline Polymer Films
Water Vapor Permeability. Lasoski and Cobbs^^ in their 
work on water vapor permeability found that the permeation of 
water vapor occurred through the amorphous regions and increased 
directly as the square of the amorphous volume fraction. In 
addition they found that orientation had a significant effect on 
permeation only \dien the orientation was ’’locked in” as in the 
process of crystallization.
23Gas Permeability. Vieth in his work on gas permeability 
of poly (ethylene terephthalate) showed that the permeability of 
oxygen, nitrogen and carbon dioxide could be correlated with 
their diffusion constants and adsorption in poly (ethylene 
terephthalate). He fovuid also that an increasing degree of
-12-
crystallinity reduced the solubility of these gases and hence 
concluded that with an increase in crystallinity the perme­




The original purpose of this investigation was to determine 
if a correlation could be found between the degree of crystallinity 
of poly (ethylene terephthalate) and the permeability of ions of 
sodium, cesium and lithium.
Plan of Investigation
A permeability cell was designed as shown in Figure 1.
Films of varying degree of crystallinity were placed in a gasket 
(Figure 2) and this was placed in the cell. The left side of the 
cell was filled with a concentrated solution of the ion to be 
measured and the right side was filled with distilled water.
After a certain period of time approximately a two milliliter sam­
ple was withdrawn from the right side and analyzed.
Method of Procedure
Design of Permeability Cell. Several different designs of 
cells were explored before the final one in Figure 1 was selected. 
The design was selected because the conditions of a high
-14-
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concentration gradient of ions across the film approximated the 
conditions of a paint film.
First step in the design was to find a method of taking a 
sample without contamination. It was decided to obtain teflon 
plugged stopcocks, \diich require no lubrication. A crude pair 
of half cells was made from number eight pyrex test tubes and the 
cell was tested for leaks and for the procedure to be used for 
filling and for taking samples. The cell leaked and finally the 
flanges cracked and broke because the method of holding them 
together, a compression clamp on the flanges, caused too much 
stress.
Finally bids were obtained from a commercial glass manufac­
turing company to make the cells and two complete sets were 
ordered.
To facilitate the handling of the films and to increase the 
speed of the test a gasket (Figure 2) was made and used with each 
cell. A method of holding the cell together was devised by design­
ing a clamp (Figure 3) to apply pressure to each end of the cell 
instead of to the flanges. The points at which the clamp con­
tacted the ends of the cell were made of polyvinyl chloride plastic, 
hollowed out and filled with sponge rubber. After the apparatus 
was assembled it was filled by applying suction to each side of the 
cell. This was accomplished by the use of a squeeze bulb and a 




Figure 3. Permeability Cell Clamp
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occ
Figure 4. Assembled Permeability Cell
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occ • «
Figure 5. Filling Permeability Cell
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Selection of Film. As previously stated, the permeability 
of poly (ethylene terephthalate) was studied in this work. Poly 
(ethylene terephthalate) is manufactured under the trade name 
’•Mylar” by the du Pont Company. Poly (ethylene terephthalate) is 
a polyester represented structurally as follows:
HO-CH^-CH^-O-
0 0II IIC-^-C-O-CH -CH -0- Hn
resulting from the the polymerization of diethylene glycol tere­
phthalate, that is manufactured by an ester exchange reaction be­
tween dimethyl terephthalate and ethylene glycol.
There are several reasons for choosing this polymer. Its 
microstructure has been the subject of many recent investigations, 
it is available in purely amorphous form, and it is readily con­
vertible to the crystalline state by annealing. Also, amorphous 
poly (ethylene terephthalate) has a second order transition temper­
ature of 67°C so both the amorphous and crystalline products are 
easily obtainable. In addition the melting point of poly 
(ethylene terephthalate) (264°) allowed a wide range of crystal­
linities to be studied.
Preparation of Films. The amorphous films were crystallized 
by annealing them in an oven for various lengths of time at
du Pont registered trademark.
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different temperatures. They were supported in an apparatus 
(Figure 6) which would place no external force on them as they 
softened.
Measurement of Density of Films. The density of the film 
and hence the degree of the crystallinity of the films were de­
termined by the du Pont Company at their Circleville, Ohio re­
search center. It was determined in a density gradient tube with 
an accuracy of + 0.001 g/cc which corresponds to 1.0^ crystallinity.
Procedure for Determination of Ion Permeability. The ion 
permeability of the various films was found by placing the films 
in the cell as described previously and at time intervals of a- 
bout 10-15 hours withdrawing a sample from the cell. This sample 
was analyzed for the ion in question, by radiation counting 
(Figure 7) in the case of radioactive cesium and by use of the 
flame photometer (Figure 8) when sodium and lithium ions were 
used.
Water Vapor Permeability of Films Over Iron Deposited on 
Glass. To obtain additional information on the permeability of 
free films water vapor transmission was studied. For these ex­
periments iron was vapor deposited on glass panels using equip­
ment (Figure 9) as constructed by Inglis.^ Then the films under 
test were sealed onto the iron coated side of the panels by means 
of a catalyzed epoxy resin. Duplicate series of the finished
-22-
DCC • «l
Figure 6. Film Crystallizer
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OCC • 61
Figure 7. Radiation Counter
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OCC • 61
Figure 8. Flame Photometer
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Figure 9. Vacuimi Equipment
-26-
panels were then exposed to either salt or water spray (Figure 10) 
for various time intervals and examined for rust formation of the 
iron layer.
-27-
O tC  « 61
Figure 10. Salt Spray Tank
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Data and Results
On the following pages are the data and resvilts obtained in 
the course of this investigation. The films used for ion perme­
ation studies are described in Table I.
-29-
TABLE I







1 1.3350 0 Na
2 1.3350 0 Li
3 1.3392 3.5 U
4 1.3568 18.0
5 1.3572 18.5 Na,Li
6 1.3643 24.5 Na,Li
7 1.3648 25.0 Na,Li
8 1.3675 27.0 Li
9 1.3694 28.5 Na,Li
10 1.3695 29.0 Na,Li
11 1.3713 30.0 Na,Li
12 1.3744 33.0 Na,Li
13 1.3751 33.5 Na,Li
14 1.3782 36.0 Li
15 1.3786 36.5 Na,U
16 1.3787 36.5 Li
17 1.3787 36.5 U
18 1.3816 39.0 Li
19 1.3856 42.0 Li
20 1.3858 42.5 Li
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Data and Results
Cesium Permeation. In Table II is presented the data ob-
137tained in the test using Cesium as the permeating ion.
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TABLE II
Permeation Data of Film No» 4
Density (g/cc)














Sodium Permeation. In Tables III - XII is presented the 
data obtained in the tests using sodium as the permeating ion.




Permeation Data of Film No. 1
Density (g/cc)








































Permeation Data of Film No« 5
Density (g/cc) 1.3572

























Permeation Data of Film No. 6
Density (g/cc) 1,3643































Permeation Data of Film No. 7
Density (g/cc) 1.3648


















Permeation Data of Film No. 9
Density (g/cc) 1.3694























Permeation Data of Film No. 10
Density (g/cc) 1.3695


















Permeation Data of Film No. 11
Density (g/cc) 1.3713

























Permeation Data of Film No. 12
Density (g/cc) 1.3744



















Permeation Data of Film No. 13
Density (g/cc) 1,3751


























Permeation Data on Film No. 15
Density (g/cc) 1.3786










































Lithium Permeability. In Tables XIII - XXX is presented 
the data obtained in the tests using lithium as the permeating 
ion. A composite graph of the lithium permeation versus time 
is given in Figure 40.
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TABLE XIII
Permeation Data of Film No. 2
Density (g/cc)




















Pemeation Data of Film No. 3
Density (g/cc)




















Permeation Data of Film No. 5
Density (g/cc) 1.3572



















Permeation Data of Film No. 6
Density (g/cc) 1.3643





















Permeation Data of Film No. 7
Density (g/cc) 1.3648




























TABLE m i l
Permeation Data of Film No. 8
Density (g/cc) 1.3675


















Permeation Data Of Film No. 9
Density (g/cc) 1.3694

























Permeation Data of Film No. 10
Density (g/cc) 1,3695























Permeation Data of Film No. 11
Density (g/cc) 1.3713



















Permeation Data of Film No. 12
Density (g/cc) 1.3744


















TABLE m i l
Permeation Data of Film No. 13
Density (g/cc) 1.3751

















Permeation Data of Film No. 14
Density (g/cc) 1.3782



















Permeation Data of Film No. 15
Density (g/cc) 1.3786























Permeation Data of Film No. 16
Density (g/cc) 1.3787






















Permeation Data of Film Na 17
Density (g/cc) 1.3787

















TABIE X m i l
Permeation Data of Film No. 18
Density (g/cc) 1.3816
























TABIE X X T X
Permeation Data of Film No. 19
Density (g/cc) 1.3856























Permeation Data of Film No. 20
Density (g/cc) 1.3858































In the following section the data obtained in the permeation 
studies of films sealed over iron coated glass panels is presented. 
First a list of the films used in these studies is given in Table 
XXXI. Ihis is followed by the observations obtained in the tests 
of films sealed over iron coated glass panels.
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TABLE XXXI
Films Used for Tests Over 
Iron Coated Glass Panels






1 _ 1.3350 0
2 80 1.3382 2.5
3 110 1.3763 34.5
4 150 1.3810 38.5
5 170 1.3812 40.0
6 190 1.3867 43.0
7 - 1.3350 0
8 100 - _
9 130 - . . .
10 150 - . . .
11 175 - —
12 200 - —
13 - 1.3350 0
14 90 1.3382 2.5
15 n o 1.3761 34.5
16 150 1.38n 38.5
17 180 1.3852 42.0
18 200 1.3878 44.0
19 - 1.3350 0
20 100 - —
21 130 - —
22 150 - —































































































































































































































































































































































































































Calculation of Ion Concentration. In the tests using sodiiun 
as the permeating ion, a 1 N solution of NaCl was prepared and 
used.
In the tests with lithium a solution was prepared, 5.4852 grams 
(5ml) of which contained 1.4973 grams of lithium chloride.
Sample Calculations
Concentration LiCl (gm LiCl)(1




Calculation of Area of Films. The diameter of the exposed
2film was 1.00 cm. Area calculated was = rrd /4 = (3.14)(1/4) = 
0.785 sq. cm.
Calculation of Percent Crystallinity. The crystallinity of 
the film was calculated from the following equation:
X - d
C = d - d  c a
— ( 100)
Where: C = percent crystallinity.
X = density of unknown film (g/cc). 
d = density of amorphous film.
d^= theoretical density of 100% crystalline film, c
-99-
The following is a sample calculation for film No. 6 which 




The percent crystallinity of all the films were calculated 




It can be concluded from Figures 11 through 39 that in 
general the same type of ion permeation curve was obtained for all 
the films tested. The curves were fitted to the experimental data 
by the method of least squares for a second degree polynomial with 
the calculations being performed by the LGP - 30 digital computer 
at the Missouri School of Mines Computer Center. The permeation 
seemed to rise rather rapidly for a short time and then reach a 
constant value which showed that no more permeation was taking 
place.
137The first ion tested was cesiiun and only one test was 
made. No permeation was observed after nine hours exposure as 
shown in Table II. The test was continued and even after several 
days there was no trace of cesium ions permeating. However, a 
considerable osmotic effect was observed in that the water level 
of the cesium concentration side of the cell had risen consider­
ably and when the film was taken out of the cell a large defor­
mation was observed; the film had bulged in the direction of the 
side of the cell that contained the cesium solution.
Sodium (1.0 N NaCl) was the next ion tested. The radius of 
the non hydrated ion is 0.95 Angstrom units as compared to 1.67 
Angstrom units for cesium and it was thought that perhaps this
-101-
smaller ion would permeate more readily. The permeation results 
of the sodium ions are shown in Tables III - XII. A general 
correlation of decreasing permeability with increasing crystal­
linity was obsen^^ed (Figure 21) although there were several 
discrepancies. These will be discussed later.
Finally, lithium which has an ionic radius of 0.56 Angstroms 
was used. An approximately seven normal solution of lithium 
chloride was used to make the concentration difference very large. 
When these solutions were used more regular curves were obtained 
but no correlation of ion permeability with degree of crystal­
linity was found as shown in Figure 40.
To determine the reliability of the experimental data three 
films of 36.5 percent crystallinity were tested. The results 
are shown in Figures 34, 35, and 36. In all three cases the per­
meation observed was different, although it was of about the same 
magnitude.
To find out more about the permeability of ions, films of 
various degrees of crystallinity were sealed on iron coated glass 
panels. One set of these was then exposed to salt (NaCl) spray 
and a similar set exposed to water spray in order to determine if; 
1. any relation could be established between the rate of rusting 
of the iron and degree of crystallinity and 2. to find out what 
effect the presence of sodium and chlorine ions in the spray
-102-
would have on corrosion of the iron panels. It was found that the 
panels exposed to the salt spray corroded faster than these ex­
posed to water spray and the corrosion appeared as small spots 
of rust. Upon prolonged exposure no additional spots would appear 
but the original ones would grow in size. This would seem to 
indicate that the moisture and ions were permeating at certain 
preferred spots instead of uniformly over the film. These rust 
spots were observed at random over the film and the total number 
did not necessarily decrease with increasing crystallinity. One 
film of 34.5 percent crystallinity showed no rusting after three 
days exposure, while all the other panels in that series even 
with higher percenteiges of crystallinity showed some corrosion.
If it were true that permeation occurs only at randomly 
located ”holes” this could be the reason vdiy discrepancies were 
observed in the correlation of ion permeation with crystallinity 
of poly (ethylene terephthalate). It will be recalled that the 
film area exposed to permeation in the cell was only 0.785 
square centimeters and it might have been possible that the 
exposed area of the film contained one or more of these ”holes” 
or none at all.
-103-
Recommendations
It is recommended that:
(1) A different cell be designed cind constructed for this 
work which has a larger area for permeation and from 
vdiich larger samples could be taken. It should also 
have some system of constant agitation.
(2 ) A better method of sealing the films to the glass 
panels be devised.
(3 ) A numerical rating system be devised and used for 
judging the iron coated glass panels.
It is further suggested that:
(4 ) Other ions, including negative ions be used for the 
permeability tests.
(5 ) Some medium other than distilled water be used for the 
ions to permeate into.
(6) The iron be deposited directly on the films instead 
of the glass panels.
-104-
Limitations
The limitations on the determination of ion permeability of 
poly (ethylene terephthalate) were:
(1) The permeability tests were carried out at room temper­
ature which varied between 23 and 28 degrees centigrade.
(2) Samples of not more than two millilters were taken 
for analysis.
(3) Only four samples from each film could be taken.
(4) The ions determined were those of cesium, sodium, and 
lithium.
(5) Visual obsejrvations and ratings were made on the iron 
coated glass panels.
(6) 1 Normal sodium chloride solution was used for sodium 
ion permeability measurements.
(7) 7.06 Normal lithium chloride solution was used for 
lithium ion permeability measurements.
(8) The poly (ethylene terephthalate) films used had a 
nominal thickness of three mils.
-105-
V. CONCLUSIONS
Using the flame photometer method of analysis for the detec­
tion of ions passing through poly (ethylene terephthalate) and 
visual observations of rusting under films sealed over iron coated 
glass panels, the following conclusions were made:
(1) Ions permeate only to a very small extent. This was 
also observed by Gillund
(2) In general the permeation of sodium ions decreases as 
the percentage of crystallinity of poly (ethylene 
terephthalate) Increases.
(3) Permeation approaches a constant value after about 
two days.
(4) Presence of ions in water spray increases the rate of 




The permeation of sodium and lithium ions through poly 
(ethylene terephthalate) films of varying degrees of crystallinity
was studied using the flame photometer method of amalysis.
137One test was run using radioactive Cs as the permeating 
ion. No permeation was obsei'ved after several hours and an ex­
treme osmotic effect was observed vdiich did not occur in the 
tests using sodium and lithivim.
Only small amounts of permeation occurred in most cases and 
did not necessarily increase with decreasing crystallinity.
Tests were also performed using films sealed over iron 
coated glass panels. These were exposed to water and salt spray 
and judged at different time intervals. An increase in the rate 
of corrosion using the salt spray was observed, as noted by the 
small spots of rust appearing faster and growing larger than the 
rust obtained using only water spray. No particular correlation 




FIGURE 41. CAL IBRAT IO N  CURVE OF F L A M E  
P H O T O M E T ER  FOR NaCl
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Acmto-J
FIGURE 42. CALIBRATION CURVE OF F L A M E  
P H O T O M E T E R  FOR LiCl
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